Background: Amniotic fluid embolism (AFE) is a major cause of direct maternal mortality in Australia and New Zealand. There has been no national population study of AFE in either country. The aim of this study was to estimate the incidence of amniotic fluid embolism in Australia and New Zealand and to describe risk factors, management, and perinatal outcomes. Methods: A population-based descriptive study using the Australasian Maternity Outcomes Surveillance System (AMOSS) carried out in 263 eligible sites (>50 births per year) covering an estimated 96 % of women giving birth in Australia and all 24 New Zealand maternity units (100 % of women giving birth in hospitals) between January 1 2010-December 31 2011. A case of AFE was defined either as a clinical diagnosis (acute hypotension or cardiac arrest, acute hypoxia and coagulopathy in the absence of any other potential explanation for the symptoms and signs observed) or as a post mortem diagnosis (presence of fetal squames/debris in the pulmonary circulation). Results: Thirty-three cases of AFE were reported from an estimated cohort of 613,731women giving birth, with an estimated incidence of 5.4 cases per 100 000 women giving birth (95 % CI 3.5 to 7.2 per 100 000). Two (6 %) events occurred at home whilst 46 % (n = 15) occurred in the birth suite and 46 % (n = 15) in the operating theatre (location not reported in one case). Fourteen women (42 %) underwent either an induction or augmentation of labour and 22 (67 %) underwent a caesarean section. Eight women (24 %) conceived using assisted reproduction technology. Thirteen (42 %) women required cardiopulmonary resuscitation, 18 % (n = 6) had a hysterectomy and 85 % (n = 28) received a transfusion of blood or blood products. Twenty (61 %) were admitted to an Intensive Care Unit (ICU), eight (24 %) were admitted to a High Dependency Unit (HDU) and seven (21 %) were transferred to another hospital for further management. Five woman died (case fatality rate 15 %) giving an estimated maternal mortality rate due to AFE of 0.8 per 100 000 women giving birth (95 % CI 0.1 % to 1.5 %). There were two deaths among 36 infants. Conclusions: A coordinated emergency response requiring resource intense multi-disciplinary input is required in the management of women with AFE. Although the case fatality rate is lower than in previously published studies, high rates of hysterectomy, resuscitation, and admission to higher care settings reflect the significant morbidity associated with AFE. Active, ongoing surveillance to document the risk factors and short and long-term outcomes of women and their babies following AFE may be helpful to guide best practice, management, counselling and service planning. A potential link between AFE and assisted reproductive technology warrants further investigation.
Background
Amniotic fluid embolism (AFE) is a rare and incompletely understood condition that is unique to pregnancy. The condition is characterised by the sudden onset of maternal compromise generally involving the cardio-respiratory and haematological systems, which can rapidly progress to cardiac arrest and profound coagulopathy leading to death [1] . Despite its rarity, AFE is now a leading cause of maternal mortality in a number of countries, and in Australia [2] and New Zealand [3] it is the leading cause of direct maternal mortality. The rarity of the condition and the lack of a reliable animal model hamper efforts to study the condition in greater depth, hence case registries and the publication of case reports are important in the advancement of knowledge of AFE. The Australasian Maternity Outcomes Surveillance System (AMOSS) was established across maternity units in Australia and New Zealand in 2009 in order to study rare and serious disorders of pregnancy [4, 5] . The aim of this paper was to estimate the incidence of AFE in Australia and New Zealand and to describe risk factors, management, and outcomes for women from the first two years of AMOSS surveillance into AFE.
Methods
AMOSS is a bi-national surveillance and research system that utilizes a web based prospective clinical audit of a range of rare disorders of pregnancy. Ninety four percent of eligible Australian maternity units (n = 263/279) covering an estimated 96 % of women giving birth in hospital and all 24 New Zealand maternity units (100 % of hospital births) participate in AMOSS, with equal representation of public and private hospital sites.
A staggered implementation of AMOSS occurred as ethics, governance and site approvals were granted between 2008-2011 [4] . AMOSS sites were eligible for participation across Australia and New Zealand if they had over 50 births per year. At the commencement of surveillance in January 2010, 107 (37 %) of 291 sites were active, covering 59 % of births across Australia and New Zealand. This rose to 260 sites covering 90 % of births by December 2010 and to 291 of 301 eligible sites by December 2011 [5] .
Women with AFE were identified by AMOSS data collectors (predominantly midwives, obstetricians, anaesthetists and health information managers) in maternity units through a monthly active negative surveillance system between January 1, 2010 and December 31, 2011. The average monthly response rate for active surveillance was 88 % during the study period. After data collectors notified a case, they were then prompted to confirm case eligibility by responding to a standardised case definition. A case of AFE was defined either as a clinical diagnosis (acute hypotension or cardiac arrest, acute hypoxia and coagulopathy in the absence of any other potential explanation for the symptoms and signs observed) or as a post mortem diagnosis (presence of fetal squames/debris in the pulmonary circulation). Sites were provided with clear guidance on the case definition and reporting criteria. In cases with any uncertainty over the diagnosis, they were able to contact the investigating team for guidance prior to submitting a case report.
Data were collected using two secure, web-based clinical data collection forms. The first form captured data on baseline demographic and pregnancy factors, obstetric interventions and perinatal outcomes and was utilised for all conditions being studied by AMOSS. The second form was a case-specific questionnaire, which included the location of the woman's initial presentation/collapse; the most prominent initial presenting feature; other associated features; therapy required (including cardio-pulmonary resuscitation (CPR), intubation/ventilation, admission to ICU or HDU, blood and blood products); results of relevant investigations and maternal and neonatal outcomes. Data collectors were contacted regarding missing data or where data were not consistent with expected values to ensure validation. Free-text responses to questions regarding medical or obstetric morbidity were classified according to ICD-10-AM [6] .
Ethics and governance processes for AMOSS ranged from a single application, multi-region ethics approval (MEC/09/73/EXP) in New Zealand, to multiple Human Research Ethics Committees for individual sites across Australia. Over 46 full ⁄ expedited ethics applications, 131 site governance applications and 136 letters of support requests were made over a 33 month period in Australia [4] . The current list of participating sites is listed in AMOSS newsletters [7] . Informed consent from women or their next of kin to participate in AMOSS was not required from the lead Human Ethics Committees (the New South Wales Population and Health Research Ethics Committee and the University of New South Wales Human Research Ethics Committee) or as part of the individual site approval processes.
Statistical analyses
Incidence rates and maternal mortality ratios were calculated with 95 % confidence intervals (CI). Rates were calculated using denominators estimated from data provided by participating maternity sites on women giving birth (defined as the birth of one or more live or stillborn infants of at least 400 g birthweight, or at least 20 weeks' gestation) in Australia and New Zealand. Denominator populations for Australia and New Zealand were estimated using the number of births in participating maternity sites between January 1 2010-December 31 2011. To address the staggered implementation of AMOSS, when defining birth rates, Australian birth denominators were adjusted for each hospital according to the number of days active as an AMOSS participating site. The incidence of AFE was calculated per 100,000 women giving birth.
Results
Over the study period there were 33 reported cases of AFE associated with five maternal deaths (case fatality rate of 15 %). The five women who died were diagnosed on the basis of clinical criteria; three women who died did not have a post-mortem examination, and in the remaining two there was no evidence of fetal debris in the maternal circulation. Over the corresponding period in Australia and New Zealand there were 613,731 women giving birth in participating maternity sites, giving an incidence of 1 in 18,598, or 5.4 per 100,000 women giving birth (95 % CI 3.5-7.2 per 100,000) and a maternal mortality of 0.8 per 100,000 women giving birth (95 % CI 0.1-1.5 per 100,000).
The median age of women was 35 years (range 16-43) ( Table 1) . Eight women (24 %) had undergone a caesarean section in a previous pregnancy, five (15 %) had been diagnosed with a placenta praevia during the index pregnancy related to the AFE and four women (12 %) had episodes of antepartum haemorrhage. The index pregnancy was a multiple gestation in three women (9 %) and polyhydramnios was diagnosed in two women (6 %).
A total of 14 women (42 %) underwent either an induction or augmentation of labour [8 (24 %) induction only, 2 (6 %) augmentation only and 4 (12 %) both induction and augmentation] ( Table 2) . Fifteen events (46 %) occurred in the birth suite whilst 15 (46 %) occurred in the operating theatre, two events (6 %) occurred at home and in one woman the location was unknown (Table 3) . One third (33 %) had a normal vaginal birth with the remainder having a caesarean section (67 %). The onset of the AFE episode was recorded as having occurred within 5 min before or after the birth in 48 % of women whilst overall 41 % occurred prior to birth and 57 % occurred postpartum (Table 3 ). In the women who were still pregnant at the time of the event, the maximum interval from the onset of the episode until birth was 89 min, whilst the latest presentation was recorded 240 min post-partum. Five women presented 30 min or more after delivery.
The most commonly reported initial presenting features were premonitory symptoms (27 %), hypotension (21 %), shortness of breath (15 %) and acute fetal compromise (15 %) ( Table 3) . Associated features included maternal haemorrhage (79 %), hypotension (76 %) and coagulopathy (73 %) ( Table 3) .
Cardiopulmonary resuscitation was required for 42 % of women (Table 4 ). Blood products were administered to the majority of women (Table 4 ) and included red cells (85 %), cryoprecipitate (73 %), fresh frozen plasma (73 %) and platelets (58 %). Six women (18 %) had a hysterectomy to control bleeding. Laboratory markers indicating a significant coagulopathy were frequently recorded with a fibrinogen of <2 g/dl in 64 %, a platelet count of <100 × 10 9 /L in 61 % and an INR >1.5 in 48 %. Twenty (61 %) women were admitted to ICU, eight (24 %) women to an obstetric HDU, and three women (9 %) died before being transferred to ICU or HDU for admission. Seven women (21 %) required transfer to another hospital for further management.
Of the five reported maternal deaths secondary to AFE, three of the women were born outside of Australia or New Zealand; the age range was between 23 and 35 years and there was one twin pregnancy. Four women laboured, of which one had an induction of labour, one was augmented and one was both induced and augmented. Four women underwent an unplanned caesarean section and one had a vacuum extraction. The AFE first manifested between 5 min prior to the birth up until 18 min post-partum and the time from the onset of the episode until the time of death ranged from between 35 and 108 min in four women, with one woman surviving in an ICU environment for approximately three weeks.
The 33 women gave birth to 36 babies including one stillbirth prior to the onset of labour and one neonatal death (neonatal mortality of 2.7 %) of an infant born with a congenital abnormality that was not compatible with life. Twenty three of the babies were male (64 %) and 25 (69 %) required admission to a Neonatal Intensive Care Unit (NICU). Fourteen babies were unborn at the onset of the AFE episode; compared to babies born prior to the onset of the AFE episode they had lower 5 min Apgar scores (Apgar score <7 in 67 % versus 0 %), a higher NICU admission rate (100 % versus 53 %) and a higher requirement for intubation and ventilation (n = 7/14 (50 %) versus n = 1/16 (6 %)).
Discussion
This study represents the first prospectively collected data on women with both fatal and non-fatal AFE in the Australian and New Zealand population. In total, 33 cases of AFE were reported, giving an incidence of 5.4 per 100,000 women giving birth. There were five deaths secondary to AFE, a maternal mortality of 0.8 per 100,000 women giving birth. Although described as a rare condition, AFE has long been established as the leading cause of direct maternal mortality in Australia [2] as well as in New Zealand [3] , occurring more frequently than maternal deaths from hypertensive disorders, sepsis, obstetric haemorrhage and venous thromboembolism. Internationally AFE ranks as a leading cause of maternal mortality in many developed countries, and in the UK triennial report AFE was ranked as the fourth leading cause of direct maternal mortality [8] , with a comparable maternal mortality to that reported in this study of 0.57 per 100,000 women. AFE is a poorly understood condition and because of its rare and unpredictable nature, combined with the lack of an appropriate animal model to study the condition, the use of case registries and case series is required to further advance knowledge of the condition.
The incidence of AFE reported in our study appears higher than those reported from similarly high resource countries [9] but consistent with previously reported data from Australia [9] . The UK Obstetric Surveillance System (UKOSS) [10] , using similar methodology, reported an incidence of AFE of 2.0 per 100,000 deliveries compared to the incidence of 5.5 per 100,000 reported here. A number of factors may influence the reported incidence of AFE. Firstly, as there is no specific diagnostic test for AFE, it remains a diagnosis of exclusion [11] . Even though there are generally consistent diagnostic criteria for AFE across the major registries, whether a woman is reported as experiencing AFE may still come down to clinical judgement. This is likely to result in both false positive and false negative cases occurring. In addition, with the increasing recognition of AFE as a potential cause of maternal compromise, it is likely that less severe cases are now being included in registries and surveillance systems [12] . How AFE cases are identified may also influence the reported incidence of the condition. Knight et al. recently showed that using population-based data to determine the incidence of AFE resulted in more than double the number of cases that were identified with a specific validated case identification system [9] . When additional criteria were used to exclude potential false positive cases, data more consistent with case validation systems were obtained. Currently, as has been previously recommended [9] , the ideal approach to improve the accuracy of case identification may be case notification followed by a detailed review of the medical record by a recognised expert.
A potential limitation of this study is the impact of the incremental participation by Australian maternity units in AMOSS during the initial study period. The implementation of AMOSS across Australian units was staggered as governance and site approvals were granted between 2008 and 2011 [4] . This was necessary as there was no consistent process for ethical approval across all maternity units in Australia, compared to NZ which has a streamlined approval system for multicentre research [13] . In January 2010, at the commencement of surveillance, 107 (37 %) of 291 sites were active, covering 59 % of births across Australia and New Zealand rising to 291(97 %) of 301 eligible sites by December 2011. In addition, this study focused on the initial presentation and management of the AFE. Longer term data in relation to outcomes such as neurological deficits was not able to be captured. With the de-identified nature of the data entry there was no ability to cross reference the maternal deaths that occurred with the currently available maternal mortality reporting systems in Australia and New Zealand. With the rare nature of the condition, cases which may have been missed because of presentation to a non obstetric hospital may have significant impact on the incidence and outcome data.
The results presented in this study confirm that management of women with AFE requires significant utilisation of resources such as operating theatre, transfusion medicine and intensive care services. AFE is unpredictable and may be associated with rapid maternal compromise. Health and maternity care providers, either in the community or hospital setting, must be aware of the key differences in the resuscitation of pregnant compared to non pregnant women [14] . Particular emphasis on the need for relief of aortocaval compression and the role of perimortem caesarean section in maternal resuscitation is important [15] . Previous maternal mortality reports have shown that maternal resuscitation is often substandard and emphasise the importance of training courses for staff in obstetric emergencies [8, 16] . Of importance, a collapse secondary to AFE may occur in any delivery setting, reinforcing the need for all health care providers who may care for pregnant women to be adequately trained in their initial resuscitation. It is encouraging that in this study, women who did suffer a cardiac arrest still had a high survival rate. In total 14 women underwent CPR for a presumed cardiac arrest and at least 9 (64 %) of these women survived. The high survival from cardiac arrest is likely to be multifactorial in nature and a reflection of the comparatively younger age compared to other patients who may suffer a cardiac arrest, lack of underlying comorbidities such as ischaemic heart disease, increased physiological reserve associated with pregnancy in addition to the presentation likely occurring in environments with close monitoring and access to emergency care.
In women who survive the initial cardiopulmonary compromise, management of coagulopathy and major obstetric haemorrhage assume critical importance. Peripartum hysterectomy is frequently required to control bleeding and a significant number of women will require admission to intensive or high dependency care services, as well as increased levels of care for their newborn. Not all centres that care for pregnant women may have onsite access to these facilities, especially in rural or remote areas and this study highlights the importance for all centres to have procedures to ensure timely transfer of women and their babies to appropriate centres.
The mortality associated with AFE was initially reported to be very high, with case fatality rates of 67-86 % reported in some of the first case series of AFE [17, 18] . The case fatality rate of 15 % reported here is consistent with previous reports from Australia [9] , the UK [10] , Netherlands [19] , Canada [20] and the USA [21] . Factors that may contribute to a lower case fatality rates include an improved awareness of the condition so that women with less severe AFE are now included in registries, in addition to improvements in the resuscitation of pregnant women and advances in intensive care. The cornerstone of management is early recognition of the condition with prompt supportive measures. Premonitory symptoms, shortness of breath, hypotension and acute fetal compromise are consistently the earliest indications of AFE and should not be ignored.
A number of risk factors have been previously identified for AFE including advanced maternal age, polyhydramnios, multiple gestation, placental abnormalities and caesarean section [9, 21] . Whilst the numbers reported in this study are comparatively small, these risk factors would appear to be consistent when the women reported in this study are compared to the overall maternity population in Australia over a similar time period [22] . In a group of control women identified from other AMOSS studies, 24.5 % were aged 35 or over, 2.4 % had a multiple pregnancy and 19.3 % a previous caesarean delivery [23] . Induction and/or augmentation of labour has previously been suggested as a potential risk factor for AFE [9, 20, 24] , in this study 36 % of women were classified as having an induction of labour whilst over a similar period of time population based Australian data showed that the overall induction rate was 26 % [22] . Whilst this supports the potential link between AFE and induction of labour, the small numbers reported here mean that this should be interpreted with caution. There were a high number of women who had had assisted conception in our study (8/33, 24 % vs national figures of 3.8 % [22] ), to our knowledge the use of assisted reproductive technology has not been previously examined as a potential risk factor for AFE. Whilst the higher incidence may potentially be explained by the relationship to other established risk factors such as advanced maternal age, given the potential immune mediated theories for the pathogenesis of AFE this finding warrants further investigation.
The neonatal outcomes reported in this study compare favourably to previously reported data and are notable for a low stillbirth and neonatal death rate. A number of studies have reported high stillbirth and neonatal death rates [9, 19] , whilst other studies have reported few or no neonatal deaths [20] . This is a welcome finding even noting the limitation of the small number of cases. This study highlights that the neonatal outcomes associated with AFE are likely related to the birth status of the neonate at the time of the onset of the AFE episode. Those babies who were born prior to the onset of the episode were born in much better condition then those born after the onset of the AFE, with better 5 min Apgar scores and less need for NICU admission and invasive ventilation. Fetal heart rate abnormalities are a common presenting feature of AFE, highlighting the sensitivity of the fetus to any compromise of the maternal state. Appropriate resuscitation of the mother, including the performance of a peri-mortem caesarean section if indicated, is an important component of the management process.
Conclusion
This study shows that the majority of women with AFE suffer significant morbidity but survive and highlights the importance a heightened awareness of this condition
